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Introduction
Concentration indices measure inequality in one variable over the distribution of another variable (Kakwani 1977) . They are a particularly popular choice for the measurement of socioeconomic-related health inequality (Wagstaff, Paci, and O'Donnell et al. 2008) , as is evident from the 9,220 entries in Google Scholar with the keywords "concentration index" and "health". In that case, the concentration index captures the extent to which health differs across individuals ranked by some indicator of socioeconomic status. A variety of concentration indices have been proposed to suit the measurement properties of the variable in which inequality is to be assessed and the assessor's ethical response to inequality (Wagstaff, Paci, and van Doorslaer 1991; Wagstaff 2002; Wagstaff 2005; Erreygers 2009b; Erreygers and Van Ourti 2011a,b; Erreygers, Clarke, and Van Ourti 2012) .
We introduce the conindex command, which provides a simple unified means to estimate various concentration indices and their standard errors. It can graph the concentration curves that underlie some of the indices and test for differences in inequality across groups. It can also measure cross-sectional inequality in a cardinal variable over observations ranked by another variable that is at least ordinally measured. With repeated cross-section or panel data, one can use conindex to compare inequality across periods. One can also use it to estimate rank-dependent indices of univariate inequality, such as the Gini and generalized Gini.
Other user-written commands are available to calculate some rank-dependent inequality indices. concindc (Chen 2007) computes the most standard version of the concentration index for both individual and grouped data. The Lorenz curve and associated indices of univariate inequality can be computed and decomposed with a range of commands: glcurve (van Kerm and Jenkins 2007) , ineqerr (Jolliffe and Krushelnytskyy 1999) , ineqdeco (Jenkins 1999) , and descogini (Lopez-Feldman 2005) . The comparative advantage of conindex is that it estimates a battery of concentration indices, which allows an analyst to select an index that fits the measurement properties of the variable of interest and is consistent with their normative principles concerning inequality. The indices are estimated by using the correspondence of each to a transformation of the covariance between the variable in which inequality is measured and the rank in the distribution over which inequality is assessed. This so-called convenient covariance approach (Kakwani 1980; Jenkins 1988; Kakwani, Wagstaff, and van Doorslaer 1997) can be implemented with both individual and grouped data while taking account of the sample design.
Before explaining the command, we define the various inequality indices it can compute and offer some guidance regarding the context in which each index is suitable. We illustrate the command's features by analyzing wealth-related inequality in health and health care in Cambodia.
Standard and generalized concentration indices
The concentration curve is the bivariate analogue of the Lorenz curve. It plots the cumulative proportion of one variable against the cumulative proportion of the population ranked by another variable. To facilitate more concise exposition, we will mostly refer to the variable of interest as health and the ranking variable as income. Income-related health inequality can be assessed by plotting the cumulative proportion of health across individuals ranked from poorest to richest. Unlike the Lorenz curve, the concentration curve may lie above the 45
• line if health, or more likely a measure of ill health, is more heavily concentrated among those with lower incomes (as in the hypothetical example in figure 1 ). The concentration index is twice the area between the concentration curve and the 45
• line, indicating no relationship between the two variables. 1 It is defined as
where h i is the health variable in which inequality is measured, for example, health. C ranges from (1 − n)/n, maximal pro-poor inequality (that is, all health is concentrated on the poorest individual), to (n − 1)/n, maximal pro-rich inequality.
3 Equation (1) reveals that the concentration index can be interpreted as a weighted mean of (health) shares with the weights depending on the fractional (income) rank (2R i − 1). 4 The Gini coefficient measure of univariate inequality arises as a special case of the concentration index when inequality is measured in the same variable that is used 1. A concentration index of 0 can arise either because health does not vary with income rank or because the concentration curve crosses the 45 • line and pro-poor inequality in one part of the income distribution is exactly offset by pro-rich inequality in another part of the distribution. 2. The fractional rank varies between 1/2n and 1 − (1/2n) if there are no ties. In the case of ties, it equals the mean fractional rank of those individuals with the same value for y i . 3. If given a welfare interpretation, then C respects the principle of income-related health transferssocial welfare falls when the health of a lower-income individual is reduced, and the health of a higher-income individual is raised by the same magnitude (Bleichrodt and van Doorslaer 2006) . 4. C respects the principle of income-related health transfers. This is analogous to the principle of transfers for G and requires that a health transfer from a low-to a high-income individual will lower social welfare (Bleichrodt and van Doorslaer 2006). for ranking. This is true for all indices we discuss in the remainder of this article and implies that conindex can be used to estimate univariate inequality.
The concentration index measures relative inequality and is invariant to equiproportionate changes in the variable of interest (health). This relative invariance is one extreme of the many normative positions one might take in measuring inequality (Kolm 1976) . At the other extreme, absolute invariance corresponds to an inequality measure that is invariant to equal additions to health. Such a measure can be obtained through multiplication of the standard concentration index by the mean health leading to the generalized concentration index (Wagstaff, Paci, and van Doorslaer 1991) .
5 Multiplication by the mean gives this parameter an important role in the assessment of absolute inequality. When two distributions display the same level of relative inequality, the one with the higher mean will correspond to greater absolute inequality. The generalized concentration index GC can be expressed as
and ranges between h {(1 − n)/n} (maximal pro-poor) and h {(n − 1)/n} (maximal prorich).
Taking account of measurement scale
The standard and generalized concentration indices are not necessarily invariant, or equivariant, under transformations of the variable of interest that are permissible for the level of measurement (that is, nominal, ordinal, cardinal, ratio, or fixed scale) (Erreygers and Van Ourti 2011a,b) . 6 Several variants of the standard and generalized concentration indices have been proposed for use with variables possessing different measurement properties. We differentiate between measurement levels at which permitted transformations affect the value of an index and levels at which transformations to different scales affect inequality orderings. Both have received attention (for example, Lambert and Zheng [2011] ), but most applications focus on the former. We think the latter issue is more important because it deals with whether one bivariate distribution is evaluated to display greater inequality than another, irrespective of an arbitrary scaling.
5. The graphical representation of the generalized concentration index corresponding to figure 1 is the generalized concentration curve. According to the generalized concentration dominance criterion (Shorrocks 1983 ), a distribution with a higher mean cannot be dominated by one with a lower mean. But the ordering of two distributions by their generalized concentration indices does not necessarily correspond to their ordering by their means.
Measurement level
In bivariate inequality measurement, an ordinal scale is sufficient for the variable that is used for the ranking of individuals. Rank-dependent indices can then be deployed to quantify inequality in variables measured at three levels:
7
• Fixed: the measurement scale is unique (or fixed) with zero point corresponding to a situation of complete absence, for example, number of visits to a hospital within a given period.
• Ratio: the measurement scale is unique up to a proportional scaling factor with the zero point corresponding to a situation of complete absence, for example, life expectancy that could be measured in years, months, etc.
• Cardinal: the measurement scale is such that differences between values are meaningful but ratios are not, and the zero point is fixed arbitrarily, for example, temperature in Celsius or Fahrenheit or a health utility index.
For variables on a fixed scale, the standard and generalized concentration indices quantify inequality in the attribute of fundamental interest. Both are appropriate, with the choice between them depending on whether one is concerned about relative or absolute inequality. Changing the proportionality factor of a ratio-scaled variable will affect the value of the generalized concentration index but not that of the standard concentration index.
8 The generalized concentration index should therefore be used with ratio-scaled data only when the variables compared in an inequality ordering are subject to the same scaling factor.
9 Only in this case can one be sure that the inequality ordering given by the index applied to the variable is informative of the ranking of populations by inequality in the attribute of essential interest. Alternatively, because the generalized concentration index is equivariant under a proportional transformation of the variable, if one knows the differential scaling factors, then one can use them ex post to make the indices comparable across populations.
When the variable of interest is cardinal, the standard concentration index is not necessarily invariant to arbitrary retransformations of the variable.
10 One can address this by using the modified concentration index MC (Erreygers and Van Ourti 2011a,b) ,
where h min is the lower limit of h i and the index ranges between (1 − n)/n and (n − 1)/n. Under ratio-or fixed-measurement scales (h min = 0), (2) simplifies to the standard concentration index in (1).
7. Measuring inequality in nominal and ordinal variables is not feasible using rank-dependent indices (Erreygers and Van Ourti 2011a,b) .
Assuming that
and GC (h |y ) = 2cov (h i , R i ) = 2cov (βx i , R i ) = βGC (x |y ). 9. We assume monotone transformations; hence, the proportional scaling factor is positive. 10. We restrict attention to positive linear transformations; that is, β must be positive in h i = α + βx i .
One should use the modified concentration index when comparing inequality in an attribute using a variable that is inconsistently cardinalized for different populations or when comparing inequality in different cardinally scaled variables in the same population. If the cardinalization is constant, then inequality orderings made using the standard concentration index will be robust to the chosen cardinalization (although the index values will depend on the specific cardinalization chosen). Nevertheless, we advise that one also use the modified index in this case because it allows for an easier interpretation-the range is always [(1 − n)/n, (n − 1)/n].
There is no easy modification to ensure the invariance of the generalized concentration index to retransformations of cardinal variables. However, provided the cardinalization adopted across populations or variables is the same, then the inequality ordering will be robust to the chosen cardinalization.
Bounded variables
Variables with a finite upper limit, such as years in school, a (health) utility index, or any binary indicator, complicate the measurement of inequality.
11 For instance, bounded variables can be represented either as attainments a i ∈ a min , a max or as shortfalls from the upper limit s i = a max − a i . Erreygers (2009b) introduced the "mirror" property, which requires that the magnitude of measured inequality represented by the absolute value of an index should not depend on whether the index is computed over attainments or shortfalls; that is, I (a) = −I (s).
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The standard concentration index does not satisfy this condition, C (s) = (−a/s) C (a); hence, inequality in attainments do not mirror inequality in shortfalls except when a = s (Erreygers 2009b) .
13 Moreover, inequality orderings based on the standard concentration index might depend on whether one uses shortfalls or attainments. More generally, the mirror condition is incompatible with the measurement of relative inequality (Erreygers and Van Ourti 2011a,b; Lambert and Zheng 2011) . One must choose between satisfaction of the mirror condition and satisfaction of relative inequality invariance.
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The generalized concentration index satisfies the mirror condition, GC (s) = −GC (a). However, as noted in section 2, the value of this index is not invariant to permissible transformations of ratio-scaled and cardinal variables. Erreygers (2009b) proposed a modification of the generalized concentration index that corrects this deficiency:
11. For discussion of the issues, particularly in relation to the measurement of health inequality, see Clarke et al. (2002); Wagstaff (2005) ; Erreygers (2009a,b,c); Wagstaff (2009); Erreygers and Van Ourti (2011a,b) ; Wagstaff (2011a,b) ; and Kjellsson and Gerdtham (2013a,b) . 12. Lambert and Zheng (2011) suggested a weaker condition requiring that the inequality ordering of populations by attainments is strictly the reverse of that by shortfalls. 13. The same holds for the modified concentration index. 14. Bosmans (Forthcoming) shows how one can overcome the impossibility of satisfying both conditions if one allows for different functional forms for the inequality index for attainments and the inequality index for shortfalls.
This index ranges between −1 and +1.
Wagstaff (2005) noted that the range of the standard concentration index depends on the mean of the bounded variable and suggested rescaling the standard concentration index to ensure that it always lies in the range [−1, 1]:
This index satisfies the mirror condition and so cannot be in line with the relative invariance criterion. Neither does it satisfy an absolute invariance criterion. In fact, the index is consistent with an inequality invariance condition consisting of a mixture of invariance with respect to proportionate changes in 1) attainments a i and 2) shortfalls s i . This may be considered to have paradoxical implications (Erreygers and Van Ourti 2011a,b) , although Kjellsson and Gerdtham (2013b) argue that this invariance criterion is actually intuitive when one realizes that W can be written as the difference between the standard concentration indices for attainments and shortfalls.
Unlike for unbounded variables, the precise scaling of bounded variables does not affect the value of any rank-dependent inequality index provided that the bounding is considered. This is most easily understood from the realization that any bounded variable can be retransformed into an indicator of the proportional deviation from the minimum value,
This lies on the range [0, 1] and records only "real" changes in the underlying attribute, not "nominal" ones due to the choice of measurement scale. Under this transformation, the Erreygers and Wagstaff indices simplify, respectively, to
Summing up
The main message of this section is not that the most appropriate inequality index depends on the measurement properties of the variable of interest but that those properties partly determine the ethical choices one faces when quantifying inequality, which 15. Wagstaff (2005) focused on the binary case.
is intrinsically a normative exercise. When the variable of interest has an infinite upper bound on a fixed scale, the main normative choice is between absolute and relative invariance. Matters are more complicated when the measurement scale is not unique. Applying the generalized concentration index to a ratio or cardinal variable requires one to accept that the inequality ordering may depend on the scaling adopted. This can be avoided for the relative inequality invariance criterion if one replaces the standard concentration index with the modified one. When the variable has a finite upper bound, one should first choose between relative inequality invariance and the mirror condition. If one prioritizes the relative invariance criterion (in attainments or shortfalls), then the standard concentration index or its modified version can be used. When priority is given to the mirror condition, one faces a choice between the Erreygers index, which focuses on absolute differences, and the Wagstaff index, which mixes concern for relative inequalities in attainments and relative inequalities in shortfalls.
If one considers no index to be normatively superior to all others, then one can check whether the inequality orderings are consistent across indices. If they are, all is well and good. However, such robustness does not hold in general.
Incorporating alternative attitudes to inequality
As noted in section 2, the standard concentration index can be interpreted as a weighted mean of the variable of interest with each individual's weight depending on its fractional rank; that is, (2R i − 1). This weight equals 0 for individuals with the median value of the ranking variable 16 and is negative (positive) for individuals below (above) the median. Presuming the ranking variable is income, the weight increases linearly from (1 − n)/n for the poorest individual to (n − 1)/n for the richest. This linearity is consistent with a particular attitude toward inequality that need not command widespread support. Two extensions based on nonlinear weighting schemes can represent a variety of alternative ethical positions. The first approach makes it possible to vary the weight put on those at the top relative to those at the bottom of the distribution of the ranking variable. We refer to it as "sensitivity to poverty" because it allows more (or less) weight to be placed on the poorest individuals when income is used as the ranking variable. The second approach allows more (or less) weight to be placed on the extremes of the ranking distribution (for example, the very rich and very poor) vis-a-vis those in the middle. We term this approach "sensitivity to extremity". Kakwani (1980) and Yitzhaki (1983) proposed a flexible extension of the univariate Gini index that incorporates a distributional sensitivity parameter v specifying the attitude toward inequality within the weight defined by 1 Pereira (1998) and Wagstaff (2002) suggested using the same weighting function in the context of the mea-16. R i for this individual is (2i − 1)/2n = [2 {(n + 1)/2} − 1]/2n = 1/2; hence, the weight is 2 (1/2) − 1 = 0.
Extended concentration index: sensitivity to poverty
surement of income-related health inequality. This results in an extended concentration index identical to the standard concentration index except for the weighting function:
The distributional sensitivity parameter must take a value greater than or equal to 1. Larger values place more weight on the poorest individuals (when income is the ranking variable). The weighting function equals 0 for v = 1 and in that case gives an index of 0 regardless of the distribution of h, while v = 2 yields the standard concentration index. The extended concentration index ranges between 1 − v and 1, 18 which suggests an intuitive interpretation of v as the distance between the weight given to the poorest and the richest individual. The weight given to the richest individual is always +1, while the weight given to the poorest individual becomes more negative for higher values of v. Hence, the weighting function in (4) is asymmetric around the individual with median income, unless v = 2. For v = 2, the individual with median income does not have a weight of 0. The individual given a weight of 0 will have a lower income than the one with the median income when v > 2. Erreygers, Clarke, and Van Ourti (2012) suggest extending the linear weighting function of the concentration index in such a way that two conditions are satisfied: 1) the individual with median income should play a pivotal role, obtaining a weight of zero, and 2) the weights for the other individuals should be inversely symmetric around median income. The poorest and richest individual should have the same weight but with an opposite sign. The second poorest and second richest should have the same weight with opposite signs, and so on. Under these conditions, varying attitudes toward inequality express one's sensitivity to extremity, that is, whether one is concerned merely with differences in the variable of interest at the middle of the income distribution or with differences between the extremes of the income distribution.
Symmetric concentration index: Sensitivity to extremity
An index that satisfies both conditions and allows for varying degrees of sensitivity to extremity depending on the value of β > 1, which is analogous to the parameter v in the extended index, is 19 17. When one uses a finite number of observations to calculate the extended concentration index and v = 2, a small-sample bias arises. Erreygers, Clarke, and Van Ourti (2012) develop an alternative way to calculate the extended concentration index (and its generalized version) to address this small-sample bias. Their approach is applied in the conindex command. We refer the reader to the appendix in Erreygers, Clarke, and Van Ourti (2012) for more details. 18. EC ranges between 1 − v and 1 when n → +∞. For a finite value of n, the lower and upper limit of EC are 1 − v {(2n − 1)/2n} v−1 and 1 − v (1/2n) v−1 . 19. As with the extended concentration index, a small-sample bias arises when β = 2 (see footnote 17).
We have implemented the approach explained in the appendix of Erreygers, Clarke, and Van Ourti (2012) in the conindex command. Note that the approach is also used for the generalized version.
If 1 < β < 2, more weight is placed on the middle of the income distribution, whereas for β > 2, the extremes are weighted more at the expense of the middle. If β = 2, the symmetric index equals the standard concentration index. When β becomes very large, the symmetric index will be very similar to the range index, which is sensitive only to the difference between the upper and lower end of the income distribution. This corresponds to one of the earliest measures of health inequality (for example, Townsend and Davidson [1982] ). The range of the symmetric index is [−(β/2), +(β/2)], which provides an intuitive interpretation of the β parameter as the absolute deviation between the weight given to the poorest and richest individual.
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The choice between the symmetric and extended indices is normative. The symmetric index gives equal weight (but with an opposite sign) to individuals that are equally far apart from the pivotal individual with median rank, while the extended index prioritizes the lower regions of the ranking (income) distribution. Applied to income-related health inequality, the symmetric index is increasingly sensitive to a change that raises the health of a richer individual and reduces that of a poorer individual by an equal magnitude the further those individuals are from the pivotal individual. In contrast, the extended concentration index will be increasingly sensitive the closer the location of such a "health transfer" to the bottom of the income distribution. Erreygers, Clarke, and Van Ourti (2012) argue that the symmetric index is more concerned about the association between income and health, while the extended concentration index puts priority on the income distribution and only then analyzes health differences within the prioritized region of the income distribution. 4.3 Generalizing the extended and symmetric indices Erreygers, Clarke, and Van Ourti (2012) consider counterparts of the extended and symmetric indices that satisfy the mirror condition. They refer to the resulting measures as generalized indices because they satisfy an absolute inequality invariance criterion and define these on the transformed bounded variable
20. This range is entirely correct only when n → +∞. For a finite number of observations, the range
21. Equations (4) and (5) reveal that the symmetric and extended concentration indices consider health shares and hence are sensitive to relative health differences. The "absolute" counterparts of these indices have not explicitly been introduced by Erreygers, Clarke, and Van Ourti (2012) (or Pereira [1998] and Wagstaff [2002] in the case of the extended concentration index) but are trivially derived by replacing the health shares with the health levels. Similarly, the measurement scale of unbounded variables is important for the extended and symmetric indices, but the discussion essentially mimics that in section 3.1. Modifications such as in sections 3.1 and 3.2 can be derived. Because these modifications are not integrated in the conindex command, we do not discuss these indices explicitly.
with v ≥ 1 and β > 1. For v = β = 2, both indices simplify to the Erreygers index (3). Erreygers, Clarke, and Van Ourti (2012) show that both indices always range between −1 and +1.
22

Estimation and inference
Each of the rank-dependent inequality indices discussed above can be expressed as a transformation of the covariance between the variable of interest (h i ) and the fractional rank (R i ) of the ordering variable. For example, the standard concentration index is twice the covariance divided by the mean of the variable of interest [see equation (1)].
Because the slope coefficient of a simple least-squares regression is the covariance divided by the variance of the regressor, each inequality index can be obtained from a regression of a transformation of the variable of interest on the rank. For example, the standard concentration index is the least-squares estimate of α 1 in the model
where σ 2 R is the variance of R and ǫ i is an error term. The standard error of the leastsquares estimate of α 1 serves as a standard error of the estimate of the concentration index.
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An advantage of this approach is that Stata readily allows for sampling weights as well as robust and clustered standard errors. Appropriate rescalings of the dependent variable lead to the other indices considered in section 3. 24 Erreygers, Clarke, and Van 22. Extensions of these indices that simultaneously satisfy the mirror condition and the inequality invariance criterion underlying the Wagstaff index are not discussed, because these have not been introduced in the literature before. However, in principle, it would be feasible to derive such indices. 23. conindex does not consider the sampling variability of the estimate of the mean of the variable of interest used in constructing the dependent variable of the regression. Typically, this makes very little difference to the standard error of an estimated concentration index. The command calculates the population formula for σ 2 R and not the sampling formula; that is, there is no degrees of freedom correction. The command does not implement the approach of Kakwani, Wagstaff, and van Doorslaer (1997) to account for serial correlation because this approach has not been extended to also allow for sample design issues such as clustering. For more details on these issues, see O'Donnell et al. (2008, chap. 8 ). 24. One should replace (2σ 2 R )/h in (8) by 2σ 2 R for GC, by (2σ 2 R )/(h − h min ) for MC, by (8σ 2 R )/(a − a min ) for E, and by {2σ 2 R a max − a min }/{(a max − a) a − a min } for W .
Ourti (2012) do not provide standard errors for the extended and symmetric indices; therefore, standard errors for these indices are not reported.
A final note concerns ties in the ranking variable that arise when different observations have the same value for the ranking variable. conindex accounts for this by calculating the fractional rank from the proportion of individuals with a given value of the ranking variable (y), such that R i = (
where sw i denotes the sampling weight of individual i and q (y i ) = n k=1 1 (y k ≤ y i ) sw k equals the proportion of individuals with at least the value y i (Van Ourti 2004) . While conindex automatically adjusts for ties in computing the point estimate, it purposefully does not do so in generating the standard error. This is because two individuals with the same value of the ranking variable may or may not be entirely independent observations. In the former case, one should not correct the standard errors, but if the observations are dependent (because they belong to the same household, for example), then the cluster() option should be used. 25 The occurrence of ties in the ranking variable is similar to the case of grouped data estimation of the standard concentration index. With grouped data, one row in the data matrix will include group mean values of the variable of interest and the ranking variable as well as the sample weight indicating the relative size of the group. One can apply conindex directly to such grouped data.
6 The conindex command by varlist: is allowed and can be used to calculate indices for groups defined by multiple variables.
Description
conindex computes a range of rank-dependent inequality indices, including the Gini coefficient, the concentration index, the generalized (Gini) concentration index, the modified concentration index, the Wagstaff and Erreygers normalized concentration indices for bounded variables, and the distributionally sensitive extended and symmetric concentration indices (and their generalized versions). There is no default index. Options define the index to be computed. One can use the graph option to obtain (generalized) Lorenz and (generalized) concentration curves. The default axis labels can be replaced with the xtitle(string) and ytitle(string) options.
For unbounded variables (that is, those with at least one infinite bound), the truezero option should be specified if the variable of interest is ratio scale (or fixed) and has a zero lower limit, in which case the standard concentration index is calculated. If instead the variable of interest is cardinal (with the zero point fixed arbitrarily), then the theoretical lower limit must be specified using the limits(#) option, where # is the minimum value. Note that one should not use the lowest value observed in the sample if this does not correspond to the theoretical lower bound. Specifying this option results in calculation of the modified concentration index.
The generalized concentration index derives from specifying the generalized option in conjunction with the truezero option.
For bounded variables (that is, those with both a finite lower and upper bound), the bounded option can be specified in conjunction with limits(# 1 # 2 ), where # 1 and # 2 denote the theoretical minimum and maximum values of the variable of interest. The inequality indices are then calculated based on the standardized version of the variable of interest, h * = {(h − # 1 ) / (# 2 − # 1 )}, and hence will be scale invariant.
The normalized concentration indices proposed by Wagstaff (2005) and Erreygers (2009b) may be obtained by specifying the wagstaff and erreygers options, respectively, in conjunction with the bounded and limits(# 1 # 2 ) options.
When a ranking variable is not provided using the rankvar option, conindex defaults to use varname to rank observations, leading to the calculation of unidimensional inequality indices (for example, the Gini coefficient).
The extended concentration index, which allows for alternative attitudes to inequality (Pereira 1998; Wagstaff 2002) , is computed with the truezero and v(#) options, where # is the distributional sensitivity parameter. With v(2), the extended concentration index is equivalent to the standard concentration index.
The symmetric concentration index is obtained with the truezero and beta(#) options. With beta(2), the symmetric concentration index is equivalent to the standard concentration index.
The generalized version of the extended and symmetric concentration indices are obtained by combining the v() and beta() options with the truezero and generalized options.
All indices are calculated using the so-called convenient covariance approach (Kakwani 1980; Jenkins 1988; Kakwani, Wagstaff, and van Doorslaer 1997) . Robust-and cluster-corrected standard errors can be obtained with the usual options. Standard errors for the extended and symmetric indices are not calculated by the current version of conindex.
The value of an index can be compared across groups defined by a single variable (for example, urban), and the null of homogeneity tested using the compare() option. The prefix bysort varlist: can be used to calculate the indices for groups defined by multiple variables (for example, urban and hhsize).
The fractional rank may be preserved using the keeprank(string) option, where string is the name given to the rank variable created.
Options
rankvar(varname) specifies the variable by which individuals are ranked. varname must be at least an ordinal variable. When a ranking variable is not provided using the rankvar() option, conindex defaults to using varname to rank observations, leading to the calculation of unidimensional inequality indices (for example, the Gini coefficient).
robust requests Huber/White/sandwich standard errors.
cluster(varname) requests clustered standard errors that allow for intragroup correlation.
truezero declares that the variable of interest is ratio scaled (or fixed), leading to computation of the standard concentration index.
generalized requests the generalized concentration (Gini) index, measuring absolute inequality. This option can be used only in conjunction with truezero.
bounded specifies that the dependent variable is bounded. This option must be used in conjunction with the limits() option.
limits(# 1 # 2 ) must be used to specify the theoretical minimum (# 1 ) and maximum (# 2 ) for bounded variables. If the bounded and truezero options are not specified, then limits(# 1 ) should be used to specify the minimum value to obtain the modified concentration index.
wagstaff in conjunction with bounded and limits(# 1 # 2 ) requests the Wagstaff index.
erreygers in conjunction with bounded and limits(# 1 # 2 ) requests the Erreygers index.
v(#) requests the extended concentration index be computed. This option can be used only in conjunction with truezero. With v(2), the standard concentration index is computed. If the v(#), truezero, and generalized options are specified, one obtains the generalized extended concentration index. In the latter case, with v(2), the extended concentration index simplifies to the Erreygers index.
beta(#) requests the symmetric concentration index be computed. This option can be used only in conjunction with truezero. With beta(2), the standard concentration index is computed. If the beta(#), truezero, and generalized options are speci-fied, one obtains the generalized symmetric concentration index. In the latter case, with beta(2), the symmetric concentration index leads to the Erreygers index.
graph requests that a concentration curve be displayed. If no ranking variable is specified, a Lorenz curve is produced. In conjunction with generalized, one obtains the generalized Lorenz or concentration curve.
loud shows the output from the regression used to generate the inequality indices.
compare(varname) computes indices specific to groups specified by varname. Two tests of the null hypothesis of equality of the index values across groups are produced: an F test that is valid in small samples but requires an assumption of equal variances across groups (Chow 1960 ) and a z test that relaxes the assumption of equal variances but is valid only in large samples (Clogg, Petkova, and Haritou 1995) . If varname is not binary, then only the F test is given.
keeprank(string) creates a new variable that contains the fractional ranks, where string is the name of the variable to be created. When used in conjunction with the compare() option, the variable string will contain the fractional rank for the full sample, and the suffix k is added to string to indicate the fractional rank for group k.
ytitle(string) and xtitle(string) specify the titles to appear on the y and x axes, respectively.
Stored results
conindex stores the following in r(): Z statistic for hypothesis that concentration index is same for both groups (with compare() option if only two groups)
conindex: Example applications
We illustrate the functionality of conindex through examples using data from the 2010 Demographic and Health Survey (DHS) of Cambodia, which can be obtained from http://www.dhsprogram.com/. The Cambodian DHS covers a representative sample of women aged between 15 and 49. It asks each participating woman about her pregnancies in the last 10 years and also collects information at the household level. We construct a dataset of households to estimate inequality in the distribution of health care expenditures and a dataset of births to estimate inequality in infant mortality. Inequality in each variable is examined in relation to a wealth index (wealthindex) that is obtained from a principal components analysis of the households' possession of a battery of assets and durables as well as housing materials (Filmer and Pritchett 2001) . This index has an ordinal interpretation and is used as the ranking variable.
In the household dataset, we construct a measure of health care expenditure per capita (healthexp) by summing out-of-pocket medical spending in the last month across individuals within the household and dividing by household size.
26 This measure will serve as an example of an unbounded variable with a ratio scale. From the child dataset, we construct a binary indicator of infant mortality (u1mr) that indicates whether each child born during the last 10 years survived to its first birthday.
27 Results below indicate that around 6% of children die within a year of birth. Average per capita monthly health expenditure is about 12,000 riel (e2.40), but the median value of 0 riel and the high maximum of 14,500,000 riel show that the distribution of health expenditures is right skewed. Figure 2 shows that more than 8% of Cambodian children in the lowest wealth quintile group die before they reach their first birthday. This is more than three times greater than the rate of infant mortality in the richest wealth quintile group. The 26. For each ill or injured household member, the respondent was asked to state the costs expended for transportation and treatment for each visit to a health care provider (for up to three visits and without differentiating between outpatient and inpatient care). These costs were reported only for living people who had been ill or injured during the last month and did not include costs incurred for people who had died in the 30 days preceding the interview. 27. For the summary statistics of health care expenditures, this implies that we consider the individual as the ultimate unit of observation, even though expenditures are measured at the household level.
For the concentration indices of health expenditures, it also implies that household size will influence the fractional ranks. As shown by Edbert (1997) and illustrated by Decoster and Ooghe (2003) on income data, this has important normative implications in terms of the axioms of anonymity and principle of transfer (both of which would be violated if each household were weighted equally independently of its size). In practice, this means we report estimates based on 15,667 observations, but application of sampweight hh ensures these are representative of 75,391 individuals.
mortality rate declines, but not monotonically, in moving to higher wealth groups. Health expenditure rises from around 7,000 riel per capita in the lowest wealth quintile group to more than 22,500 riel in the top group. ) summarizes all the indices discussed below. The concentration index of 0.248 confirms that medical spending is heavily concentrated among better-off sample households identified by a higher position in the wealth index distribution. As well as the point estimate, conindex returns a cluster-adjusted standard error and a p-value for a test that the index equals 0. In this example, the null is strongly rejected (p < 0.001). conindex can be used to graph a concentration curve by adding the graph option. 28. When graphing, conindex defaults to the variable label or, if it is unavailable, the variable name when labeling the axis. This can be overridden by specifying the xtitle() and ytitle() options and specifying the desired axis labels inside the parentheses. When rankvar() is not specified, conindex draws the Lorenz curve. Note also that the generalized concentration (Lorenz) curve will be drawn when the generalized option is also specified. Because health care expenditures are unbounded and measured on a ratio scale, this estimate is robust to the proportionality factor arising from the choice of currency and can be used to rank inequality in medical spending in Cambodia against inequalities in other ratio-scale variables (for example, food expenditures) or health expenditure inequality in other countries. If one prefers that the measure of inequality in medical spending respect absolute invariance rather than relative invariance, then the generalized concentration index can be requested by typing This gives an estimate of around 2,977 riel, which is obviously sensitive to the proportionality factor and cannot be used directly to compare inequality in medical spending across countries with different currencies.
29
The standard concentration index of infant mortality is negative, which indicates that infant deaths are concentrated among less wealthy households. The index for infant survival (u1sr) is correspondingly positive but differs greatly in absolute value from the index for mortality, which confirms that the mirror property does not hold and reflects imposition of relative invariance with respect to different variables (see also section 3.2). The generalized concentration indices of mortality and survival are equal in absolute value (see table 1), confirming that this index satisfies the mirror condition when it is applied to a binary variable. This is because the generalized concentration index for a binary variable equals one-fourth of the Erreygers index, which possesses the mirror property. But the generalized concentration index does not satisfy this condition in general. The Erreygers index is computed by specifying the erreygers option, along with two further options that indicate the variable is bounded and how it is coded. The Wagstaff index of infant mortality, which as explained above has different normative underpinnings, is computed by simply specifying wagstaff in place of erreygers.
30. Consult Erreygers and Van Ourti (2011a,b) and Wagstaff (2011a,b) The value of the Wagstaff index is close to that of the standard concentration index because the prevalence of infant deaths, at 6.1%, is close to 0; thus the index places greater weight on relative invariance with respect to presence of the characteristic (here, death) and so comes closer to the normative principle imposed by the standard concentration index. If the prevalence were 50%, then the Wagstaff index would give equal weight to relative invariance in attainments and shortfalls, which coincides with absolute invariance. In that case, its value would equal that of the Erreygers index (see Kjellsson and Gerdtham [2013b] for more discussion). 
.
Note: Robust standard errors that account for clustering at the level of the primary sampling unit (PSU) are in brackets.
The primary sampling units correspond to villages in the DHS.
The bottom panel of table 1 presents estimates of concentration indices with alternative attitudes to inequality to those underlying the standard concentration index. Setting the parameter v of the extended concentration index to 1.5 places relatively more weight on those residing in wealthier households, while setting the parameter to 5 gives more weight to the poorer observations. A value of 2 corresponds to the weighting implicit in the standard concentration index and so would result in an estimate equal to that of C. We use the same values for the β parameter of the symmetric index, where β = 1.5 corresponds to the case where more weight is placed on the middle of the wealth distribution, while β = 5 corresponds to a case where the extremes of the wealth distribution are more heavily weighted.
31
The indices are computed as follows: We emphasize that little can be learned from comparing extended indices computed for different values of v.
32 Rather, one might check whether an inequality ordering across populations is robust to the choice of the value of v (β). If it is not, then a conclusion that a variable is more unequally distributed in one population than another needs to be made conditional on an explicit attitude toward inequality.
Generalized extended and symmetric indices are computed by simply adding the generalized option to the command lines immediately above. As is clear from the estimates in table 1, these indices satisfy the mirror condition. conindex allows estimates of all inequality indices to be compared across groups defined by a binary or categorical variable, and it tests the null of equality across groups. This is done by including the compare() option. For example, to compare wealth-related inequality in infant mortality across urban and rural locations, we can use 31. There is no particular reason to choose the same values for v and β. Our reason for doing so is that both v and β can be interpreted as the distance between the weights given to the least and most wealthy individual. See also sections 4.1 and 4.2. 32. For instance, while their examples do not occur in the illustration in this article, Erreygers, Clarke, and Van Ourti (2012) report some empirical examples where initially pro-poor inequality reverses into pro-rich inequality when v is increased. The same reversal might also happen for the symmetric index. 33. When v = β = 2, both indices are equal to the Erreygers index. The index estimated from the combined sample is displayed first. Then, the groupspecific estimates are given. There is a significant concentration of infant mortality among the least wealthy in both rural and urban locations. The point estimates suggest that the degree of inequality is greatest in rural areas, but the difference with urban areas is small. Both tests fail to reject the null hypothesis that the index is the same in rural and urban locations.
Concluding remarks
This article introduced the user-written Stata command conindex, which calculates rank-dependent inequality indices while offering a great deal of flexibility in considering measurement scale and alternative attitudes to inequality. Estimation and inference is via a regression approach that can allow for sampling design, misspecification and grouped data and for testing for differences in inequality across populations.
Concentration indices are frequently used, particularly for the measurement of inequality in health by socioeconomic status. The indices estimated for different regions, periods, or groups could also be included in regression analyses as control variables. We hope that the greatly reduced computational cost offered by conindex will afford researchers the time to give greater consideration to their choice of index, ensuring that the one selected is appropriate for the scale of measurement and consistent with the normative position they are prepared to defend.
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